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Response of soil microbial community structure to the leaf litter decomposition of

three typical broadleaf species in mid-subtropical area, southern China

ZHANG Shengxi', CHEN Falin®, ZHENG Hua> "
1 Huathua Vocational Technology College, Huaihua 418000, China
2 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing

100085, China

Abstract . Litters are the important component of forest ecosystem and play a key role in ecosystem nutrient cycle. The
mineralization of nitrogen, phosphorus and other nutrients from plant litters provides an important input of inorganic
nutrients to the soil, which can be taken up by plants. Soil microbial communities are one of the important factors
controlling the dynamics of nutrient mineralization or immobilization during decomposition. However, different litters have
different impacts on soil microbial communities. To understand the responses of soil microbial community composition to
different litter decomposition, the PLFAs ( phospholipid fatty acids) compositions of the soil microbial communities under
three typical broadleaf species treatments, including camphor tree ( Cinnamomum camphora) , white oak ( Quercus fabri)
and blue Japanese oak ( Cyclobalanopsis glauca) were studied by the simulation experiment with flowerpots at the Ecological
Benefit Monitoring Station of the Yangtze River Protection Forest, which is located in Hengyang County of southern Hunan
Province. The results showed that; (1) the initial nitrogen content of three broadleaf litters ranked as follows; white oak >
camphor tree >blue Japanese oak , however the initial content of carbon and lignin, and the carbon-nitrogen ratio, lignin-
nitrogen ratio had inverse trend; blue Japanese oak >camphor tree >white oak. And the white oak litter had the highest

decomposition rate, followed by camphor tree and blue Japanese oak. (2) During litter decomposition, the PLFAs
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compositions of the soil microbial communities under three litter treatments had similar tendency: the concentrations of
18 :0, 14:0, 16:1w7c, 18:1w7c, cyl9:0, i19:0 and 10Mel9:0 decreased gradually, and the concentrations of 16:0,
15 :0, i16:0, al7:0, 17:0, 18:2w6,9¢c and 10Mel8:0 increased step by step. Three stress indicators, the saturated PLFA
to monosaturated PLFA ratio (SAT/MONO) , the Gram-positive bacteria to Gram-positive bacteria ratio (G*/G™) and the
¢y19:0/18:1w7c ratio of the soil microbial community increased significantly with the decomposition of three kind of litters.
(3) The concentrations of 16:0, 15:0, al5:0, i16:0, al7:0, 17:0, cyl9:0, 18:2w6,9¢, 18:1w9¢ and 10Mel8:0, the
PLFA of bacteria and fungi and the total PLFA of microbial community in soils treated with white oak litters were
significantly higher than those of camphor tree and blue Japanese oak during the two periods. The soil microbial community
structure changed significantly during the decomposition of broadleaf litters. Comparing with camphor tree litter and blue
Japanese oak litter, the litters of white oak had lower carbon-nitrogen ratio, lignin-nitrogen ratio, and decomposed more
quickly, which improved the soil microbial community structure significantly. Our results suggested that white oak litter was
more suitable for soil fertility improvement and the nutrient cycle in forest ecosystem, comparing with camphor tree litter and

blue Japanese oak litter.

Key Words: litter decomposition of broad leaf; soil microbial community structure; PLFA
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1 ( Cinnamomum camphora ) J2& VA1 5 23 ] R A AR R B, A2 7 P4 1l DX F 2 0 B4 FH AR b 28 355
R, FER ( Quercus fabri) FIF K] ( Cyclobalanopsis glauca ) J& T 52} B+ ( Fagaceae) T8 T A, J& vV 34T o 4
W AR AN TR A R = A US4y FEFR R 7 & B A B W R REUEN O AR S A R A 3
T IV R B AT AR %) BRbRA o 1) 0 v W i BIF X B AR T IR v A5 A XX 3 R R T
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F 537 T 126 7 6 i 2198 iz DX ] G VL B 4P b A 285 A8 0 s sl | 57 391 v 48 A6 BH B A B 2 K oo /N it
I, a4k 27°05'N, 112°18"E, Ja W AR 2 KR P Ak, Tk 86—147 m & SLY (Y 1 AR o 3t , B2 S 0 0T
i, PRI pH A 4—5  ZIRBAEFEIR 17,9 °C 1 AR 5.7 €7 AGEYSRIR29.3 C L4
SRR N 1237 mm, EEAEPTE 58 H 1% XA R A Jm WA B AR BT AR, R D
¥A ( Pinus massoniana) JBHUKS ( Pinus elliottii ) 25 N T bk Kz By FEHA RE VR AZ 1 R AR A= AR 12T
1.2 XEBT
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10 m x 10 m 25 HBHDURR PN A5 48 S RO, RO FH 3 D' 238 859 Ay 38 BH I 78 55, /INA 3 T - oy 42 BURR A 25
0—40 cm 2R3, KR R FA BRI SEARSEH AR BT, SRR SR B/ A, &N N I R
IR R — B A HLAR (8. 9+1. 1) g/kg, MA (0.6+0. 1) g/kg, MM (73.2+11.6) mg/kg, EAf
(16.1+0.9) g/kg, TRf#A(28.7+6.5) mg/kg, BALME (0. 4+0. 1) mg/kg, BALHN (21. 7+4.3) mg/ke,pH {H
4.30. 1(RH LS H LA .

PR A% I JE e AR /INA 25 emx30 em, IIFLA 1 mm®, WFFERFG g v 7 R R e DL i ] i o
FFH% ( Cinnamomum camphora , camphor tree, CT) | FA ¥k ( Quercus fabri , white oak , WO) 17 Xl ( Cyclobalanopsis
glauca ,blue Japanese oak , BJO) FJJETEY) , V%4 N 2006 4F R WA A9 #8751, FREE 7% 20 o( X5
M) 3ol B AN RAS Bl 45 42 4 135 42 A RIS M) ARBEDLICE T &/ NE N R 3R,

1.3 FEECRES T

FE2EAT PR P ) 4% T 2007 4F 4 7 P ) BOBCEVRE L N, 2050 T 08 s e 9 A AN 18 A IR
R, BRI S PIREALIR 3 4%, 3 I IO A R IR JE 0—3 em BHER AR O AERT, T 4 C 5
Tz b s E

F Il Y i v A vh B U Y5 i AE 80 °C TR LT R H E, SRS AR THA 2 NI Y BT A2 AR B R (MR, mass
remaining) . JIEPIRIGEK(C) A (N) &= A HEE Elementar 23 7 A= = TR 43 H1 L ( Vario D) P2, 4
TEIVILAA TR & i R Ve T ik e A e

R VB AR VR (I 52 7E Frostegard 45 M7 85 LM Askal, &L PLFA R R MEY £
.11 Fh PLFA(14:0.15:0 .a15:0 .i16:0 .16:1w7c .al7:0.17:0 .18 :1w7¢.i18:0 .cy19:0 .i19:0, FeH il al5:0
i16 :0.al17:0.i18:0 1 i19:0 Ay AEE A 2 [CBHIERE , FH 16:1w7¢ 18 1w7c Hl cyl9:0 [ AL HE 2 [C M H)
AN AR A 2 5 1822006, 9¢ M1 18 109¢ YRR LA A )ik ; 10Mel8:0 A1 10Mel9:0 Y 2R /R TH L
EEC
1.4 Hdiabr

5353 M1 ( Principal Component Analysis, PCA ) #1177 224387 ( Analysis of Variance, ANOVA) #fi i&
[F] b B ] + S A DI S A SR AR . SETT o Mnidad CANOCO4. 5 il SPSS16. 0 et AR FSE .,

2 #R
2.1 PP YA BRI B Ak AR

3 PR 2E S B35 (P< 0.05) o 3 FhAVR Y R A BTER A & & DL/ AL R BUR /A LA
— B, WRBIMRU N . & K>S AR, Y S A SRR, . AfR>F&E>FH X 2 B
875 Wy ) BT AR B O 3 A TR Y AR T HUOR B R (R 1),

F1 NEBRWER CFYEARERE n=3)
Table 1 Properties of experimental litters ( means= SD. n=3)

k2] M5 W C ENDE AN WA KRR/ A

Litters Abbreviations /% Lignin/% /% C/N Lignin/N MRy /%
7 Camphortree CT 49.33:0.04b  23.7420.11b  1.52%0.02b  32.46x0.36b 15.62+0.17b 7143
FI#E White oak WO 48.230.09¢ 14.85£0.07c  1.78+0.0la  27.07+0.17c 8.34£0.78¢ 68+4
# X Blue Japanese oak BJO 49.840.07a 34.37+0.19a  1.30£0.0lc  38.290.22a 26.40+0.26a 802

MR , JRIE P4 18 /1~ F i B0 B b o B o

2.2 HIERUEMREE SR
2.2.1 HEERUEYRHIEBERR AR R & &

R AN [ AR S 2 0 (0 RS T I 1) 2 0 G 0 R ) e i ] A B - B A i A i 2 A BORE
BFI , R O 5 4 Ak B8R %) 9 e 200 R A TR T T U R 1 e LA S R I I T A R S o T A R A T X A
PR 499 A B R I BERR BRI R A = BUIAR O B> RSB X (£ 2) .
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F2 TEEH. EE MKEHERIBRSERBECFYMELARMER n=3)/(nmol/g)

Table 2 Bacteria, fungi,actinomycetes and Total PLFAs in soils( means+ SD, n=3) (nmol/g)

i i) Time Ea| l'ﬂ“. Eﬁ‘. J"iﬂlé;%ﬁ‘ a8y
Bacteria Fungi Actinomycetes Total PLFAs
9 4~ H 9 months CT 14.34x0.28b 1.88+0.01b 4.020.06a 25.06=0.08b
WO 19.26£0. 66a 3.0820.05a 3.8020.11b 33.01+1.33a
BJO 14.690.30b 1.92+0.02b 3.5420.08¢c 24.64+0.26b
18 4~ 18 months CT 15.45+0.11b 2.5020. 12¢ 4.2540.05 29.91+0.20b
WO 18.73+0. 60a 3.5240.11a 4.5620.27 35.85+1.23a
BJO 15.45+0.42b 2.92+0. 10b 4.3440.07 29.90=0.59h

2.2.2  HIEEBAEYIRIEBERERE MR 25 1Y

FHHCBIR T 2% WIBERRRE VT BRI E 3 7 (T 1) o U — R TR R VR 8] 89. 15% B8 5, 1K
SFSERET 8.23% o WA EMAR S REW T 22 BT A5 R AR WL RVE W A 9 A A B SIUE W B TS W R B
WiTRZAEAE 5 18 D H B 22 57 35,9 N BT A7 AL BRARVR AE L (R 26300, 1T 18 A~ H B BT A7 b BRER VR A6 I A 1
JIA Ab B 9 A H B AE R —F1 R R AR REGT R E S T4 AR 18 AR R fEREY
9 AN HE 18 A H M B b, BT VR P A B 3 G SR R B NE MR M R 45 44 HoA — B AR et (&
1 A12):16:0 &t EFF,18:0 & R ; A SFIEAR TR 14:0 .16 107¢ 18 1w7c.cy19:0 M i19:0 B &FHE T
F%,15:0.i16:0,a17:0 F1 17:0 B9 & & FTF; B EFFAE NG DT ER 18 : 206, 9¢ 17 B b TF; i 2k 1 7 AE i iy iR
10Me19:0 i F %, 10Mel8:0 i LT,

FIRRIA 7% Py 38 A S S E RIS BRI TR Z5 4 5 & i 5 RIS b s + 2 S B2 (| 1), A
RRAL B A7 7 P35, A B 0] PR = Ao — i o — A o R B S i T A AR A X, A

1.0 .‘ 18:1m9¢
cy19:0
18:0 W09
18:1w7¢c 14:0 al5:.0 15:0
| L 4
16:1w7¢
<
3 woig < 116:0
L,
N i19:0
4
N
10Mel9:0 e
—_— T ‘
al7:0
BJO9 AA \
A' 10Mel8:0
CT9
CT18
BJO18
-06 A
-10 1 PC1 (89.15%) 10

B TEMEMEEERENRARNER S S
Fig. 1 Principal components analysis of PLFAs compositions of the microorganism communities in soils
® CT19, FHIFH Y 9 A s O, CTI8, F il ik o0t 18 N H ; & W09, IREME W it 9 D H 3 O, WOI8, FIERITE M 70 18 4
H; A, BJO9, B RIHE VI MR 9 A 5 A, BIOIS, F XU 71 18 1~ H
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A BRI P& P A B 338 E FH AR R 1620, 40 4 AE IR IR 15:0 ,a15:0.i16:0 ,a17:0 17:0 F cy19:0, B
P IFIE IR TR 18 12006 ,9¢ Fll 18 :10w9¢ LAl 2k TR I ARAIE NG I R 10Mel8:0 [ & s # f2 35 /5 T A AR Al X
TEYPRE PR 145 i19:0 F1 10Me19:0 NIAHZ .

4 -
oCT

| o wo
8 BJO

o_uﬁ g Hﬂg . HHE HEE _ - e . HHE -
E B

w

Changes of PLFAs concentration/(nmol/g)
=

© 9o o 9 9 9 9 e o o o 92 o 9o 9o 9
s 5 5 5 5 5 8 5 5 g T % 88 &8 g g

E’-—‘&'—_—gsﬁmo
o @ *® = =
-_ o - o O
— — 0
PLFA

2 WiEREMTBREERIREFEAEFEM SR I—I8 M AMEN

Fig. 2 Changes of PLFAs molar concentration in soils during 9—18 months of litter decomposition

2.2.3  HEERUEYREIEBERRAR IR LG

SR 3 9 A H B - e RUE M REE AR LG, 18 AN B, 3 b 5 4 A 3 - SEGHCAE W A 1 R
R WATR/ B AR AR | % FC B B/ 8 22 IR B LA L ey19:0/18 17 ¢ I H(EER W35 B TF, 3 FHRTEY)
Wb+ HELL | 3 AN B AE 18 AN H I I(E S 3l 9 A A A 3.2 (F AR ) —3. 6 (FIHR) fiF 2. 9 (FhE)—3.6(H
BR)AE 2.3 (Frfe) —2. 5 (DA (181 3)
3 itig 14

BTSRRI R B 2 § W9 riois
¥ SURIE ISR TR, ABFITT B 3 MU g
ISR, U RS G R T B S 6 ;1
AR IR R IR 2 2 (R 2 ﬂ @%@
FAPE TR .cy19:0/18:1w7c AR E FTH(E 3), HE 0 HI ﬂﬂl [
TR : DRI R AP WT . CA BRI 2011 SATMONO O et P 1OTe

FELHE i 07 R/ PR AN ARG 7 R L cy19:0/18 1 1wTc AU LL B3 L B R T
(53 3% 53 AT RIS DIAHOS B3R5 Y PRI Fig. 3 The ratios of phospholipid fatty acids of soil microbial
BAN I BN RN T S R R 4 G L7 L —

FHIA HL RS R TS ) i 2 95 10 0 i

it PR AT IR AT W0 T R R bR T A R R R 2 — . XES A DL T LB R
WEZE VATE YA i R A E K £ 4k R R R 38 S M LA W R B R o A DL L hn = 23 i A
HLA S5 LA 0 )55 M, 5 0 53 40 0 A A DX B9 2 A 2 . -/ 26 W ity 1 3% Pk R I 39 B > R B
TR I S A5 M40 SR R 1 B 5 14 > P B T %) L B 2 Bt RV 0 A At v 20 BRI =2 41, - 86k
YRR AR — MR Rt & AR T — R AR E (E 2) .

SR PR 5 R X A ) R P AR o R 5 40 A e R P e 7 AR — 3, 5 A RN T X R U P A B ) £
AR, BRI A P AL BRAG TSNS | EUTE R AR DL R 2B B — i A G U TR %) e =R U Y Ak
MR (AR 2) R AT AR . O IR 0 & A i, M/ A s R (R 1) . WERAY
R 22 U P 58 B, © A BT 28 B« 2B 0 08 26 A ARG T A% ) A2 T i T R, 3R P i e/ AL L
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FHXHEE 202 102112 5ABESE 3 AU 7 Y- LA AR AR/ UL , T LA 990 94 2 R 2R 7 SR A
1R, 1115 3 b O 7 0 T LRI R 0 SR A i, R SR e R T A A 5 I B R T A
HE B/ R (200 250112 ) X T AR BRI 7% P A 35 - 390 A ) A e v F TR 2 — s @ AR IR s 4 o
AR i foefi%, B DRI P S 2 . AR S T URVE W e o i S 20 G0 > R T A (R W i g
PR3 E T AT RO , T3 SR A W SO AR AN B B 5y 73 ik iR R 0 st A7 A X LU g, U P AR TR
AR A P 5 W RS OR A B S A BRIE 2 L AR VE W R A AR A T R IR IR, R R
IS I R T A b R T B M W REE 2 B A 22 5 12T e e SRR R M V) 43 R0 AR A
FATAH AR P e/ R EC AR IR/ LA, e R, B 5 4 S Aol A 0 T M0 T, DT R8-S i 2
Wy A S 2 B A i Ol L SRR R T A R R0, SR S R T SR T B s A A S R G SR M R
R

WEAR LA T AT A e A i b, 5 ELFE AR At T2 e il s o i, SR SE R 8 3707 AR LG, BRI AR DT 1R
PGB FE A AT LIAS RV AR O TR F) 2 A R T TR A R P AR B 2 3 mT LR S W AR Z HA AL T it i
PRI A BRI L ERRBE A AR A0 R 24 7R e AR W 5 R X R 9 0 A 14 R RO K
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